Abstract
Introduction
Prediabetes refers to the condition where plasma glucose values are higher than normal levels but still lower than those used to make a diagnosis of diabetes. Prediabetes has 2 subcategories: impaired fasting glucose (IFG; defined as a fasting plasma glucose [FPG] concentration of 100-125 mg/dL) and impaired glucose tolerance (IGT; defined as a 2-h oral glucose tolerance test [OGTT] plasma glucose concentration of 140-199 mg/dL) [1] .
Hypogonadism is the clinical state of androgen deficiency comprising both subjective symptoms of testosterone deficiency and objective evidence of low serum testosterone levels. In men, the highest serum testosterone levels are achieved by the age of 30 years and have been found to be reduced by 1-2% per year with aging after the age of 40 years [2, 3] . However, the average serum testosterone levels remain within the normal range of young men, and such individuals are mostly asymptomatic. Late-onset hypogonadism is a term which best describes this clinical and biochemical syndrome of symptomatic age-related decline in serum testosterone levels (below the young healthy adult male reference range) [4, 5] . Adult-onset hypogonadism (AOH) is a clinical and biochemical syndrome characterized by a deficiency of testosterone with symptoms and signs that can be caused by testicular and/or hypothalamic-pituitary dysfunction. This syndrome is characterized by testosterone deficiency and the failure to mount an adequate compensatory pituitary response to low testosterone levels; gonadotropin levels are low or in the normal range. AOH is, therefore, clinically distinct from classical primary and secondary hypogonadism [6] . Erectile dysfunction (ED) may be caused by endocrine, vascular, neurological, and psychological disorders and may also be a side effect of drugs. Cross-sectional and longitudinal studies have identified hypogonadism, autonomic neuropathy, and arterial insufficiency to be causes of ED in diabetes [7] .
Epidemiological studies have found low testosterone levels in 25-40% of men with type 2 diabetes [8] [9] [10] . The causative relationship between testosterone deficiency and diabetes might be bidirectional or even multidirectional and involve the interplay of factors such as obesity, metabolic syndrome, sex hormone-binding globulin, advancing age, and other factors [11, 12] .
Only few studies have investigated the prevalence of AOH and ED in men with prediabetes, and there is no study from India [13, 14] . The aim of the present study was, hence, to evaluate the prevalence of AOH and ED in men with prediabetes and to correlate the risk of testosterone deficiency with prediabetes while comparing them with healthy adults.
Materials and Methods
This was a cross-sectional study conducted at the Department of Endocrinology and Medicine Unit V of Pt. B. D. Sharma PGIMS, Rohtak, India. One-hundred males aged 30-60 years who were confirmed cases of prediabetes were included as cases, and an equal number of normoglycemic men in the same age group, i.e., 30-60 years, formed the control group. Patients suffering from diabetes mellitus, liver cirrhosis, HIV, chronic renal, pancreatic, or other severe, primary hypogonadism, hypopituitarism, and testicular tumors and cases receiving androgen replacement or androgen deprivation therapy or radiation therapy were excluded. Written informed consent was obtained from all subjects, and the protocols for the study were approved by the institutional ethical committee.
All participants completed a self-administered questionnaire to collect their basic demographic data and medical histories. Anthropometric indices including height, weight, waist circumference, and hip circumference. FPG was estimated using the glucose oxidase method, and then, participants were subjected to an OGTT with 75 g anhydrous glucose powder dissolved in 250-300 mL water, which was to be consumed over 5 min. Two hours after glucose load, plasma glucose was again tested by the glucose oxidase method. Individuals grouped under cases and controls were asked to complete the Androgen Deficiency in the Ageing Male (ADAM) questionnaire [15] and the International Index of Erectile Function Questionnaire (IIEF-5) [16] . AOH was defined as a positive response in the ADAM questionnaire in the setting of low total testosterone (TT) level, i.e., < 241 ng/dL, or low calculated free testosterone (cFT) level, i.e., < 6 ng/dL. A positive response was based on a decrease in libido or strength of erections or any 3 nonspecific questions that include fatigability, decreases in muscle strength, mood changes, and loss of height. This questionnaire has 88% sensitivity and 60% specificity and should only be used in the presence of a low testosterone level. The IIEF-5 addresses the relevant domains of male sexual function, such as erection, sexual desire, intercourse satisfaction, etc., and is psychometrically sound. This questionnaire consists of 5 questions, and each IIEF-5 item is scored on a 5-point ordinal scale where lower values represent poorer sexual function. The possible scores for the IIEF-5 range from 1 to 25 (1 question has scores of 1-5), and a score > 21 was considered as normal erectile function and a score at or below this cutoff as ED. According to this scale, ED was classified into 4 categories based on IIEF-5 scores: severe (1-7), moderate (8-11), mild to moderate (12) (13) (14) (15) (16) , mild (17) (18) (19) (20) (21) , and no ED (22) (23) (24) (25) . Prediabetes was defined as FPG between 100 and 125 mg/dL or 2-h OGTT plasma glucose between 140 and 199 mg/dL [1] . Fasting venous samples were collected from both cases and controls between 8: 00 a.m. and 10: 00 a.m. in the morning to measure TT, luteinizing hormone (LH), follicle-stimulating hormone (FSH), prolactin, and sex hormone-binding globulin (SHBG). TT (241-827 ng/dL), LH (0.7-7.9 IU/L), FSH (0.6-14.7 IU/L), SHBG (17.3-65.8 nmol/L), and prolactin (2.1-17.7 µg/L) levels were assessed using the chemiluminescent immunometric method by the ADVIA Centaur immunoassay system. cFT was calculated from TT and SHBG using the method of Vermeulen et al. [17] with a computer program (Free and Bioavailable Testosterone Calculator, developed at the Hormonology Department, University Hospital, Ghent, Belgium, and available at http://www.issam.ch/freetesto. htm). Results were analyzed using SPSS version 20.0. Continuous data was presented as means ± standard deviations and categorical data as counts and percentages. All statistical assessments were 2 tailed, and a p value of < 0.05 was considered significant. Student's t test was applied to quantitative data, while qualitative data were analyzed by the χ 2 test and Fisher's exact test. Multiple logistic regression analysis was performed to assess the contribution of various factors to testosterone deficiency. 
Results
One-hundred diagnosed males with prediabetes were recruited as cases and an equal number of normoglycemic males were recruited as controls for the study. The mean age of males with prediabetes in this study was 47.35 ± 8.54 years, while that of controls was 45.06 ± 8.21 years, with no significant statistical difference (p = 0.05). Baseline demographic characteristics of the study population are summarized in Table 1 . Males with prediabetes had significantly higher body mass index, waist circumference, systolic blood pressure, and diastolic blood pressure as compared to controls. Hemoglobin in the prediabetic group was 13.62 ± 1.91 g/dL, while in control group it was 14 ± 1.29 g/dL (p = 0.098). AOH and ED were diagnosed in 34 (34%) and 79 (79%) males with prediabetes as compared to 16 (16%) and 58 (58%) males in the control population, respectively (Table 2, 3). The odds ratio for developing AOH and ED in males with prediabetes as compared to the control population was 2.705 (95% CI: 1.376-5.317, p = 0.004) and 2.724 (95% CI: 1.460-5.084, p = 0.001), respectively. Both AOH and ED were observed in a significantly higher number of males with prediabetes in younger age groups (30-39 and 40-49 years) as compared to controls in similar age groups (Table 4) . ED of moderate severity was significantly more prevalent in males with prediabetes (30.37%) as compared to controls (8.62%) with a p value of 0.002.
Males with prediabetes had significantly lower TT, cFT, and SHBG and higher LH and FSH than controls. The hormonal profile of both cases and controls are summarized in Table 5 . Younger males with prediabetes had significantly lower TT and cFT than controls in the same age group, but TT and cFT levels were comparable in cases and controls in older age groups. However, SHBG remained significantly low and LH significantly high in males with prediabetes as compared to controls, irrespective of age. Among males with prediabetes, TT and cFT were significantly lower in those having AOH and ED as compared to those without AOH and ED (p < 0.001 and p = 0.001). On multivariate analysis, TT remained significantly low in males with prediabetes as compared to controls even after adjusting for age, body mass index, waist circumference, waist/hip ratio, systolic blood pressure, diastolic blood pressure, and a combination of all these variables (odds ratio 2.5; p = 0.028).
Discussion
Type 2 diabetes mellitus is associated with AOH, ED, and testosterone deficiency, as has been demonstrated by a number of cross-sectional and longitudinal studies [18] [19] [20] . The prevalence of low testosterone in cross-sectional studies varies from 25 to 40% [8] [9] [10] . However, limited data are available regarding the prevalence of AOH and ED in prediabetes and its relationship with serum testosterone level. In the present study, both AOH and ED were significantly higher in males with prediabetes than in those with a normal glucose profile, and this difference was statistically more significant in patients < 50 years of age. Rabijewski et al. [14] in a study of 196 polish men with prediabetes and 184 normoglycemic controls of the age group of 50-75 years found the prevalence of AOH to be 30% in men with prediabetes and 13.6% in controls. Although there are no direct data for the prevalence of ED in prediabetes, Demir [21] in a study on the prevalence of ED in metabolic syndrome found that 74% of patients with metabolic syndrome had ED as assessed by the IIEF score. The findings of our study largely conform to the findings of previous studies with some significant new results. We included subjects in the age group of 30-60 years with a mean age of 47 years as compared to western studies that included subjects of a relatively older age group. This ensured that the association between prediabetes and testosterone deficiency could be generalized to men over a wider age group and helped us to identify relatively younger subjects with testosterone deficiency.
On an age group-wise analysis, we found that younger males with prediabetes (30-39 and 40-49 years) had a significantly higher prevalence of AOH as compared to euglycemic individuals in similar age groups, which could have grave implications for their sexual health as compared to relatively older subjects. Similarly, the prevalence of ED was significantly higher and of a greater severity in younger males with prediabetes as compared to euglycemic individuals of similar age groups.
Low testosterone levels in men with dysglycemia have been explained to be a consequence of visceral obesity. Adiposity and hyperinsulinemia suppress SHBG and thereby decrease TT levels. They may also disrupt LH signaling to the testis, while insulin and leptin have been found to have a suppressive effect on testicular steroidogenesis. Increased visceral obesity decreases testosterone through its conversion to estradiol by aromatase, leading further to abdominal fat deposition and testosterone deficiency [11, 22] . This may explain the high prevalence of symptomatic hypogonadism and ED (the most prominent symptom of AOH) in prediabetes. The association of prediabetes with testosterone deficiency was initially evident from the Rancho Bernardo study where men with IFG or IGT had significantly lower TT than those with euglycemia after adjustment for age and body mass index [23] . Ho et al. [13] in a recent study concluded that prediabetes was associated with an increased risk of TT but not cFT deficiency, independent of obesity and metabolic syndrome. In the present study, we observed that males with prediabetes in younger age groups had significantly lower TT and cFT as compared to controls in the same age groups, but TT and cFT levels were comparable in cases and controls in older age groups. However, SHBG remained significantly low and LH significantly high in males with prediabetes as compared to controls, irrespective of age. Even on multivariate analysis, TT remained significantly low in males with prediabetes as compared to controls even after adjusting for age, body mass index, waist circumference, waist/hip ratio, systolic blood pressure, diastolic blood pressure, and a combination of all these variables with an odds ratio of 2.5.
This study had some strengths and limitations. This is the first Indian study to estimate the prevalence of AOH and ED in prediabetes and to assess the association between androgens and prediabetes. Our study included male participants in the age group of 30-60 years, which ensured that the association between prediabetes and testosterone deficiency could be applied to men over a wider age range. Compared to some of the previous studies, in which the diagnosis of prediabetes was based on medical records or anamnestic data, our work has the advantage of being based on a systematic screening with IFG and IGT for the diagnosis of prediabetes. Lastly, we performed an OGTT for the diagnosis of IGT and did not consider postprandial glucose as a proxy for OGTT, as was done in some studies for convenience. However, because of the small sample size, the results of this study need to be replicated in larger populations of different geographic areas. In addition, we could not adjust for metabolic syndrome as a confounding factor during regression analysis of testosterone deficiency in prediabetic males, and this needs to be investigated in future studies. To conclude, males with prediabetes even in a younger age group are at an increased risk of AOH, ED, and testosterone deficiency.
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